Introduction
Worldwide, an estimated 28,000 to 111,500 deaths attributable to influenza-associated acute lower respiratory infections occurred in children under five yearsold in 2008 [1] . In recent years, with increased concerns about detecting and responding to an influenza pandemic, influenza surveillance has expanded globally. Many surveillance sites in resource-poor countries are remote and lack onsite diagnostic capacity, requiring that samples be transported far distances to a central laboratory [2, 3] . In influenza surveillance systems throughout the world, real-time reverse transcriptionpolymerase chain reaction (rRT-PCR) is increasingly used as the test of choice to confirm influenza virus infection [4] . However, little is known about the optimal time that specimens can be stored in a refrigerator before being tested by rRT-PCR and recommendations regarding the maximum length of storage time of respiratory specimens before such assays vary among institutions. The World Health Organization (WHO) and the United States (US) Centers for Disease Control and Prevention (CDC) recommend that a sample be stored for no more than four days at 4°C before freezing or diagnostic testing [5, 6] but neither guideline cites evidence as the basis for this recommendation, and a literature search revealed no published manuscripts on this topic.
In Kenya, as in many other countries in Africa, surveillance for influenza is conducted in healthcare facilities that are far from the laboratory that processes the specimens, and timely transport of specimens is often challenging. As a result, specimens sometimes may be stored at 4°C for longer than 96 hours. In order to address the question of whether prolonged refrigeration might lead to virus deterioration, which in turn would be associated with lower rates of positivity and lower overall viral loads, we evaluated two-anda-half years of influenza surveillance data from Kenya to determine the relationship between the number of days a specimen was kept in storage and detection of influenza positivity by molecular testing. In addition, we evaluated the relationship between the number of storage days and the cycle threshold (C t ) values of influenza-positive samples.
Methods

Data collection
Influenza sentinel surveillance system In 2007, the Kenya Ministry of Public Health and Sanitation (MoPHS) and the Kenya Medical Research Institute/Centers for Disease Control and PreventionKenya (KEMRI/CDC) established a national influenza sentinel surveillance system in Kenya in order to better understand the seasonality, burden, and epidemiology of influenza in the country and to detect new influenza virus strains with pandemic potential and for possible use in new vaccine formulations. At each of the sentinel healthcare facilities, a trained surveillance officer collects nasopharyngeal (NP) and oropharyngeal (OP) samples from all hospitalised patients with severe acute respiratory illness (SARI) and from up to three outpatients a day with influenza-like illness (ILI). For this study verbal consent was obtained from all patients before questionnaires were administered and specimens were collected. For children, verbal consent was obtained from guardians. Case definitions for SARI and ILI and the procedure for specimen collection have been previously described [7] .
Specimen storage and transport NP and OP specimens from each patient were placed in the same cryovial with viral transport medium (VTM). VTM was prepared centrally at the KEMRI/CDC laboratory using a WHO protocol that includes bovine serum albumin and veal infusion broth supplemented with amphotericin B [8] . Briefly, 10 g veal infusion broth, 2 g of bovine albumin fraction V and 3.2 ml of fungizone (250 μg/ml amphotericin) were weighed and 400 ml of distilled water added and the contents allowed to dissolve by gentle stirring. The media was allowed to stand for one hour at 4°C, sterilised by filtration, and using aseptic techniques, 1 ml aliquots dispensed into sterile 1.8 ml propylene cryovials. Quality control steps were included at all steps in the VTM preparation. The VTM was shipped, at 2 to 8°C, to surveillance sites and refrigerated prior to and after insertion of the swab specimens. VTM was used for up to three months after preparation. After collection, specimens in VTM were immediately placed in refrigeration at 2 to 8°C. All specimens were transported in cool boxes by road to the National Influenza Center (NIC) in Nairobi and were tested for influenza by rRT-PCR at KEMRI/CDC laboratory in Nairobi. The cool boxes were kept at refrigeration temperature with ice packs. Upon arrival at the laboratory all specimens were frozen at -80°C.
Laboratory testing
An aliquot of each respiratory specimen was tested by rRT-PCR for influenza A and influenza B after one freeze-thaw cycle. Specimens positive for influenza A were subtyped for seasonal H1 and H3 as well as for H5 and A(H1N1)pdm09 by rRT-PCR [6] . Samples were aliquoted and total RNA was extracted from 100 µl aliquots of each sample using QIAamp viral RNA minikit (Qiagen inc, Valencia CA, USA), according to manufacturer's instructions. One step rRT-PCR was carried out using AgPath kits (Applied Biosystems, California USA). The primers, probes, and positive controls for all influenza viruses were provided by CDC-Atlanta [9] . Following the reverse transcription step, a typical 45 cycle PCR reaction was run and fluorescence was read at the annealing/extension step at 55°C, and recorded at each cycle [10] . Appropriate negative and positive control specimens were run alongside each reaction. The results were recorded as cross-over C t values. A C t value ≤39.9 was regarded as positive, whereas C t values ≥40.0 were considered negative in the analysis. Samples with no C t values were regarded as negative [9] .
Data analysis and statistical methods
Samples
Samples collected from seven sentinel surveillance sites between 10 April 2008 and 8 November 2010 with available storage, demographic, and laboratory data were included in the analysis. The seven sites were located from 2 km to 487 km from the laboratory in Nairobi (Figure 1) . We determined the number of storage days that samples were refrigerated by subtracting the date the sample was collected from the date the sample was received at the NIC laboratory. Transport time was included in the refrigeration period. Samples that were in refrigeration for duration of zero to 10 days were included in the analysis.
Statistical analysis
Storage days were analysed as individual days. Because a relatively small number of samples were stored for only one day and there was no difference in influenza positivity between zero and one storage days (p>0.05), we combined zero and one storage days into one category to use as a reference group. We used the Cochran-Armitage trend test to assess the relationship between storage days and positivity of influenza samples. We then modeled influenza positivity with storage day as a categorical predictor (0-1 vs 2, 3, 4, 5, 6, 7, 8, 9, 10) using multivariable logistic regression, controlling for the following variables: patient age, days since illness onset, surveillance site, and syndrome (ILI or SARI) classification. If the variable was found to be associated with influenza positivity at p<0.2 in the bivariate analysis it was considered a potential confounder and included in the multivariable analysis. We included days since illness onset in the model because the quantity of viral shedding decreases after three to five days following illness onset [11] . We then fit the logistic regression model for ILI and SARI cases (controlling for patient age, days since illness onset, surveillance site). We used logistic regression rather than linear regression because we felt that logistic regression was the best way to assess the effect of the length of specimen storage on influenza positivity; in our analysis, using logistic regression allowed us to target the outcome variable (influenza positivity), which was dichotomous and categorical.
In order to determine the relationship between storage days and C t values of influenza samples we performed multivariable generalised ordinal logit analysis for influenza-positive samples. We excluded the 39 specimens that had influenza A/B co-infections because including two C t values for an individual sample would have made it impossible to draw a single conclusion about the relationship between storage time and C t value for the sample. C t values were not normally distributed; therefore we created quartiles for C t values, and a multivariable generalised ordinal logit model was fit using zero to one as a reference group. We also analysed the mean C t values for influenza-positive samples by storage day. We stratified the positive results by C t values using the categories ≤29, 30-≤37, and 38-<40 [12] . Data analysis was done using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina, USA) and findings were considered statistically significant if the p-value was <0.05.
Ethical considerations
The Kenyan Ministry of Health determined that the surveillance system was part of routine national disease surveillance and did not represent research and did not require ethical review.
Results
Demographics
Of 12,541 samples collected during the study period in the seven sites, 7,833 (62%) had storage, demographic, and testing data available and were included in the analysis. Of the 7,833 samples, 940 (12%) were positive for influenza; 718 (9%) were influenza A only, 183 (2%) were influenza B only, and 39 (<1%) were positive for both A and B. Of the 528 influenza A-positive samples that were subtyped, 95 (18%) were seasonal H1, 222 (42%) were seasonal H3, and 211 (40%) were A(H1N1)pdm09; 4,311 samples (55%) were from male patients. The mean age was 2.4 years, and the majority of samples (5,095; 65%) were from patients <2 years-old. Of the 4,708 samples that were not included because storage and/or testing data were not available, 3,568 (76%) had age data and, 3,624 (77%) had data on sex. For these samples, the mean age was 2.8 years and 2,036 (56%) were from males. There was no significant difference in patient age and sex distribution between the analysed and non-analysed samples.
Of the 7,833 tested samples, the majority were received from the following sentinel sites: Kakamega (n=2,383; 30%), Nyeri (n=1,842; 24%), and Nakuru (n=1,433; 18%). Nearly half (n=3,813; 49%) of the 7,825 samples that had clinical data were from ILI cases ( Table 1) .
Influenza positivity and storage time
Overall, 3,969 (51%) of specimens included in the analysis were stored for zero to one day; 3,411 (44%) of specimens analysed were stored for two to five days; and 453 (6%) were stored for six to 10 days.
In the bivariate analysis, the per cent positivity of samples stored for zero to one day (12%) was not significantly different from that of two, three, four, and five days (13%, 13%, 15%, and 12%, Table 2 ). In the bivariate analysis, there was a statistically significant difference in the per cent-positivity of samples stored for zero to one day compared with samples stored for six days (12% vs 6%, p=0.03). The per cent positive of samples stored for zero to one day (12%) was higher than the per cent positive of samples stored for seven, eight, nine, and 10 days (7%, 10%, 4%, and 5%, respectively) but these differences were not statistically significant (Table 2) . Overall, the Cochran-Armitage trend test showed that the positivity of influenza decreased as the storage days increased (p<0.05).
In the multivariable model, the positivity of samples stored for five days did not differ from that of zero to one day (12% vs 12%; adjusted odds ratio (aOR): 0.98; 95% confidence interval (CI): 0.66-1.54). Samples stored for six days were significantly less likely to be positive compared with samples stored for zero to one day (6% vs 12%; aOR: 0.49; 95% CI: 0.27-0.93). Samples stored for seven days were less likely to be positive as well, but this finding did not reach statistical significance (7% vs 12%; aOR: 0.50; 95% CI: 0.25-1.07). Samples stored for eight, nine, and 10 days respectively were less likely to be positive than those samples stored for zero to one day, but these findings were not statistically significant and had wide confidence intervals due to the small sample size ( Table 2) . We compared specimens stored for zero to one day with specimens stored for eight to 10 days using a multivariable model, and samples stored for eight to 10 days were less likely to be positive for influenza than those in storage for zero to one day (7% vs 12%; aOR:0.56; 95% CI: 0.03-1.05). Additionally, in the multivariable model, samples stored for six to 10 days were 49% less likely to be positive than those stored for zero to five days (7% vs 12%; aOR: 0.51; 95% CI: 0.35-0.75).
In a multivariable analysis comparing storage time and positivity rates of influenza A, we found no statistically significant difference in the positivity rates of specimens stored for two, three, four and five days compared to specimens stored for zero to one day. However, specimens stored for six days were less likely to be positive for influenza A compared to specimens stored for zero to one day (8/180 (4%) vs 353/3,969 (9%); aOR: 0.48; 95% CI: 0.23-0.99). There was no difference in the positivity rates between specimens stored for seven, eight, nine and 10 days and those stored for zero to one day, but only 17 specimens stored for seven to 10 days were positive for influenza A. The trend test showed no trend between storage days and positivity rates for influenza A (p>0.05).
We conducted a multivariable analysis comparing storage time and positivity rates of the influenza A subtypes, and we found similar trends in positivity rates, although the analysis was limited by the small sample size. For H1, compared to specimens stored for zero to one days, there was no statistically significant difference in the positivity rates of samples stored for three, four, five, six, and seven to 10 days, but samples stored for two days were twice as likely to be negative (17/1,899 (1%) vs 60/3,969 (2%); aOR: 0.50; 95% CI: 0.30-0.90). For H3, we found no statistically significant difference in the positivity rates of specimens stored for >1 day compared to specimens stored for zero to one day. Finally, for A(H1N1)pdm09, the positivity rates of specimens stored for >1day were similar to the positivity rates of specimens stored for zero to one day with one exception: samples stored for four days were twice as likely to be positive compared to those stored at zero to one day (33/673 (5%) vs 86/3,969 (2%); aOR: 2.33; 95% CI: 1.52-3.56). Overall, the CochranArmitage Trend test showed that the positivity of influenza decreased as the storage days increased (p<0.05) for H1 and A(H1N1)pdm09, but not for H3.
In a multivariable analysis of storage time and influenza B, there were no statistically significant differences in positivity rates by storage time. However, numbers were small; only 12 specimens stored for five to 10 days were positive for influenza B. There was no significant trend between storage days and the positivity rates for influenza B (p>0.05). When we analysed specimens from ILI and SARI cases separately, in the multivariable analysis, there was no significant decrease in the proportion-positive of samples stored for any number of storage days compared with those stored for zero to one day.
Cycle threshold value and storage time
We analysed 901/940 (96%) of all positive samples. We excluded 39 positive samples because they had influenza A and influenza B co-infections. The C t values ranged from 12.66 to 39.99. In the multivariable generalised ordinal logit analysis, C t values from influenza-positive specimens stored for >1 day were not significantly higher than influenza-positive specimens stored for zero to one day (p>0.05, Figure 2 ). Stratifying the positive results by C t values showed that 599 (66%) of the 901 positive samples analysed had C t results of ≤29, 178 (20%) had C t results in the range of 30 to ≤37, and 124 (14%) specimens had C t results in the range 38 to <40. The distribution of the C t values of the positive samples was relatively consistent for each day of storage.
Discussion
While existing guidelines recommend that samples can be stored at 4°C for up to 96 hours before being tested influenza by rRT-PCR, our results suggest that maintaining samples at refrigeration temperature for up to five days after collection is unlikely to compromise results by rRT-PCR. The implications of our study are potentially relevant for influenza diagnostic testing throughout Kenya and other countries where surveillance systems have adopted the use of rRT-PCR as the diagnostic of choice for influenza viruses. In influenza surveillance systems that use rRT-PCR and collect samples during weekdays only, weekly transport of specimens on Friday -if samples could arrive at the laboratory the same day or the following day -would not compromise specimen integrity. This flexibility in the frequency of transport may be especially useful in rural areas, where frequent transport of samples to central laboratories can be challenging and costly.
Our analysis included nearly 8,000 specimens, and we controlled for confounding variables. The per centpositivity of samples was similar through five days. Samples that were stored for more than five days had reduced odds of testing positive for influenza relative to the reference group of zero to one day. There were few samples stored for eight to 10 days, making Number of storage days n=441  n=231  n=76  n=99  n=25  n=10  n=8  n=7  n=2  n=2  n=441  n=231  n=76  n=99  n=25  n=10  n=8  n=7  n=2  n=2 Mean Ct value it difficult to assess these longer periods of storage. Likewise, our sub-analyses were limited by small sample size; although we found consistent positivity trends in our sub-analysis of H1 and A(H1N1)pdm09, the trend was not statistically significant for H3, influenza A, or influenza B.
Influenza-positive specimens with higher C t values by rRT-PCR present more difficulty for influenza virus isolation. We have previously shown that the rates of isolation for PCR-positive samples are lower for C t values >35 for influenza A and C t values >30 for influenza B [13] . In our surveillance system in Kenya, culture is attempted only for samples with a C t value ≤35. In our analysis, although the mean C t values of influenzapositive samples increased after four days of storage with the exception of the mean C t value for samples stored for nine days, there was no statistically significant association between these C t values and storage day. However, there were a relatively small number of influenza samples stored for five to 10 days. Because we did not evaluate isolation rates by storage time, we were unable to draw conclusions about the relationship of storage time and viral isolation. In a previous study conducted in the US that tested respiratory samples for influenza using virus isolation, there was no difference in the percentage of influenza-positive samples by storage days when samples were stored for as long as five days at 4°C [14] . Our findings that C t values of influenza samples did not vary by days of storage were also similar to those of a previous study of influenza A in wild birds; in that study, C t values of influenza-positive samples tested by rRT-PCR were similar in samples maintained at 4°C for up to three weeks [15] .
For remote surveillance sites where specimen transport is challenging, there are storage options other than traditional VTM that could be considered, particularly when culturing specimens is not a main objective. Samples could be divided into two aliquots at the site. One aliquot could be placed in VTM and the other could be placed in lysis buffer before transport to the laboratory, which would reduce the need for prompt transport to the laboratory for PCR detection. If specimens will not ultimately be cultured, which is currently the situation in some countries in Africa, they can be stored in ethanol at room temperature without reducing the yield by PCR [16] or collected dry or placed in saline and stored in 4°C or ambient temperature [17] . In our surveillance system, these alternative storage methods were not a suitable option; if we had employed any of these methods we would not have been able to culture PCR-positive specimens.
The findings from this analysis are subject to limitations. First, because data associated with specimen collection and testing were incomplete, 4,708 (37%) specimens could not be used in the analysis. However, we included nearly 8,000 samples in our evaluation, and the mean age and sex distribution were similar between those samples included and those excluded.
Second, it is possible that samples were stored and transported under conditions outside the recommended storage temperature of 2 to 8°C. However, even if this occurred, it is unlikely that this variability affected samples stored for different periods of time differently, because samples of different collection dates were placed in the same cool box for transport. In addition, based on the schedule followed for each site, transport time from site to laboratory was consistent for every site throughout the study. In addition, we only evaluated specimen positivity by rRT-PCR, so our findings may not be applicable where other testing methods are used. However, our findings of consistent C t values across storage times, particularly for specimens stored for zero to five days, of which there were many, lead us to believe that isolation rates would not be affected by up to five days of storage. In addition, while our sample was large, we compared different samples rather than testing the same samples over multiple days, which would be the ideal way to evaluate variability of test results according to refrigeration time. Finally, we only tested for influenza, and therefore our results are not generalisable to other pathogens.
Our results suggest that respiratory samples can be stored at 2 to 8°C for up to five days after collection before reaching the laboratory; this finding could ease the burden of specimen transport in surveillance systems where sampling sites are far from the laboratory or budget for specimen transport is limited. Further studies should be conducted to better understand the association between duration of specimen storage prior to rRT-PCR testing of influenza and other viruses and bacteria as well as the effect of refrigeration storage time on virus isolation rates.
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